INTRODUCTION ABSTRACT
Although the etiology of essential hypertension is not clearly understood, endothelial dysfunction from chronic infection and/or impaired glucose metabolism may be involved. We hypothesized that salivary lysozyme, a marker for oral infection and hyperglycemia, might display a significant relationship with hypertension, an early stage of cardiovascular disease. Logistic regression analyses of the Kuopio Oral Health and Heart Study demonstrated that persons with higher lysozyme levels were more likely to have hypertension, after adjustment for age, gender, smoking, BMI, diabetes, the ratio of total cholesterol to HDL cholesterol, and C-reactive protein. The exposure to increasing quartiles of lysozyme was associated with adjusted Odds Ratios for the outcome, hypertension, 1.00 (referent), 1.25, 1.42, and 2.56 (linear trend p < 0.003). When we restricted the sample to the individuals without heart disease (N = 250), we observed a non-significant trend for increasing odds. Our hypothesis-"high salivary lysozyme levels are associated with the odds of hypertension"-was confirmed.
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Study Population
We recruited 250 consecutive cardiac patients at Kuopio University Hospital who were referred for coronary angiography and confirmed as having CAD. Potential participants were excluded if they took antibiotics during the previous 30 days or had chronic infection other than dental disease. Also recruited were 250 age-and gender-matched control individuals from the same catchment area without any evidence of coronary heart disease as determined from the pre-admission tests. The control individuals were admitted to general surgery or otorhinolaryngology departments at the same hospital for elective surgery. The same exclusion and inclusion criteria were applied to non-cardiac patients. Additional exclusion criteria were: (1) those who needed emergency coronary by-pass surgery or valvular replacement surgery; (2) those whose disease status was so grave that a dental examination or dental x-ray could not be performed safely; and (3) those who needed antibiotic prophylaxis prior to periodontal probing.
Data Collection

(i) Ascertainment of Outcome
In 1998-1999, 169 individuals diagnosed as hypertensive or under physicians' care for hypertension were identified via medical record review and categorized as hypertensive=1. If no records of diagnosis or treatment for hypertension were documented, they were considered non-hypertensive (hypertensive=0). These data were subsequently validated for reliability and validity.
(ii) Saliva Collection
To avoid diurnal fluctuation, we collected saliva samples from the patients between 7 and 9 a.m. The patients had been advised not to eat or smoke 1 hr before collection. Using the free-flow method, we collected saliva into a 10-mL test tube for 5 min after the patient's initial swallowing.
(iii) Lysozyme Analysis
Salivary lysozyme from fresh saliva was quantified at the Kuopio University research laboratory by a modified lysoplate method, with Micrococcus lysodeikticus (Sigma Chemical Co., St. Louis, MO, USA) and human milk lysozyme (Sigma) and bovine serum albumin (Sigma) as standards, according to the methods suggested previously (Rudney and Smith, 1985) .
(iv) Vascular Risk Factors
All blood samples were analyzed immediately in the hospital laboratory. The analyses were performed in batches including both cases and control individuals, so that any potential environmental changes and measurement errors would be evenly distributed. Total cholesterol (TC), triglyceride (TG), and high-density lipoprotein cholesterol (HDL) were measured by an automated enzymatic technique, and the 'Total to HDL cholesterol' (T/H) ratio was calculated by statistical function. C-reactive protein (CRP) was measured by high-sensitivity immunoturbidometry assay in a Hitachi 717 analyzer.
(v) Other Confounding Factors
Age was recorded in yrs, gender was labeled 0 for males and 1 for females, and smoking was categorized as 0 if the person had never smoked, 1 if he/she smoked in the past, and 2 if he/she was currently smoking. We calculated body mass index (BMI) by dividing weight in kilograms by squared height in meters. Diabetes mellitus (DM) status was ascertained by medical record review; a person was labeled 0 for the absence of disease, and 1 if he/she had been diagnosed or was receiving dietary advice, oral hypoglycemic agents, or insulin. 'Years of education' was used as a socioeconomic indicator.
Statistical Methods
Using Statistical Analysis System version 9.1, t tests, chi-square tests, or Wilcoxon non-parametric tests, depending on the variable distributions, we compared the basic characteristics such as mean age, gender, smoking status, body mass index, number of teeth, and cholesterol levels of individuals with and without hypertension.
Using logistic regression methods, we explored the relationship between the probability of having hypertension and salivary lysozyme levels. All P values were calculated as twotailed, and all confidence intervals were computed at the 95% level. The predictor lysozyme level was highly skewed and was transformed into natural log. Since one unit increase in logtransformed SLZ level was equivalent to one quartile increase (Table 1 , column heading), we analyzed the data in quartiles for easier clinical interpretation. We calculated odds ratios (OR) for each quartile compared with the lowest quartile as the reference group, controlling for established confounding variables such as age, gender, smoking, BMI, diabetes, 'total cholesterol to HDL cholesterol' ratio as a continuous variable, and CRP dichotomized at 3 mg/L or 10 mg/L as has been suggested (Ridker et al., 1998) . However, we used only CRP dichotomized at 10 mg/L in our final models, because CRP at the 3 mg/L cut-off was not useful as a predictor of CAD, due to a high false-positive rate (Janket et al., 2007b) .
Because lysozyme is associated with inflammation originating from both infection and hyperglycemia, to assess the hyperglycemia-related lysozyme effect, independent of oral infection, we controlled for CRP as well as high leukocyte count dichotomized at the level where risk for cardiac events was reported to increase (6.7 x 10 9 ) (Margolis et al., 2005) .
To control for the effect of CAD, we adjusted CAD status in a multivariate model and also conducted stratified analyses dividing the cohort by CAD status. However, stratified analyses ignore the fact that CAD and non-CAD groups may have different references. Therefore, we stratified the whole cohort into four groups: (1) non- CAD group with low lysozyme levels (reference); (2) non-CAD group with high lysozyme levels; (3) CAD group with low lysozyme levels; and (4) CAD group with high lysozyme levels. We then compared their risks of having hypertension. Additionally, we sub stituted high triglyceride levels and low HDL levels for 'Total to HDL cholesterol' ratio. to control for the effects of metabolic dyslipidemia.
RESULTS
Most CAD risk factors were more prevalent in the hypertensive group. However, unlike the US population, BMI, years of education, smoking status, and the ratio of total to HDL cholesterol were not significantly different among the groups. These basic characteristics of this cohort have been reported previously (Janket et al., 2004) . As reported in our previous study, that edentulous persons favored soft carbohydrates that might elevate glycated protein level (Johansson et al., 1994) , our results demonstrated proportionate increases in edentulism and salivary lysozyme levels (Table 1) (Janket et al., 2006) .
In multivariate analyses controlled for age in yrs, gender, smoking in 3 categories (never, past, current), diabetes, total/HDL cholesterol ratio, education as a socio-economic indicator, and CRP levels, each unit increase in logtransformed SLZ resulted in roughly a 50% increase in OR for hypertension (Model 1 in Table 2 ). Similarly, each quartile increase of salivary lysozyme resulted in an increased OR (95% confidence interval) of 1.00 (referent), 1.25 (0.68 , 2.32), 1.42 (0.78 , 2.60), and 2.56 (1.39 , 4.70), p-value for linear trend < 0.003, presented in Model 2 (Table 2) . This association remained independent of leukocyte counts or CRP (Model 3 in Table 2 ).
Among the four groups' combined risk of dichotomies of CAD (yes/no) and lysozyme levels (high/low), CAD patients with high lysozyme levels had the highest OR (95% confidence interval) of 5.5 (2.8 -10.3), followed by CAD patients with low lysozyme levels [2.88 (1.6 -5.1)], and individuals without CAD with high lysozyme levels [1.75 (0.77-3.99)], compared with the reference group, those without CAD who had low lysozyme levels (Fig. 2) . The odds ratio difference between the CAD group with high and low lysozyme (5.45-2.88 = 2.57) was attributable to lysozyme levels (Fig. 2) , which is similar to the OR (2.56) we observed in a multivariate analysis adjusted for CAD (Model 3 in Table 2 ). In the stratified analyses, the trend of increasing odds for hypertension with increasing lysozyme levels was evident, but the p-value did not reach the significance level of 0.05 (Model 4 in Table 2 ).
The substitution of total/HDL cholesterol ratio with high triglyceride levels, a marker for carbohydrate metabolism, and low HDL cholesterol did not alter results.
DISCUSSION
Our results, derived from 500 Finnish men and women with or without CAD, suggest that the top quartile of salivary lysozyme levels was significantly associated with prevalent hypertension, yielding a fully adjusted OR of 2.56 with a linear trend p-value < 0.004. Thus, our hypothesis was confirmed. This is in agreement with the general paradigm that inflammation is an important part of pathogenesis of atherosclerosis, and also with our previous report that high salivary lysozyme was associated with a much stronger increase in odds for CAD (OR = 3.64) (Janket et al., 2006) .
The present study is the first to assess the combined oral health impact, via oral infection and nutritional pathways, on hypertension in a mixed cohort including men and women. Among individuals who did not have CAD, log-transformed SLZ (OR = 1.41, p = 0.045) was a significant predictor of prevalent hypertension, while log-transformed CRP was not (OR = 0.92, p = 0.34; data not presented). However, when CAD was modeled as an outcome, the OR associated with CRP > = 10 mg/L increased dramatically (OR = 24.1). Indirectly, this suggests that CRP may be a marker for the inflammation surrounding established atheroma, rather than inflammation in the pre-atheroma stage. In contrast, lysozyme appears to be associated with the inflammatory process, even in the pre-atheroma stage, suggesting a possible causal relationship. However, prospective studies are needed to corroborate this finding.
Another noteworthy fact is that, in diabetic patients with hyperglycemia, the prevalence of periodontitis is extremely high (Miller et al., 1992; Tervonen et al., 1994; Yalda et al., 1994; Nishimura et al., 1996; Salvi et al., 1997; Collin et al., 1998 Collin et al., , 2000 Cutler et al., 1999; Kurtis et al., 1999; Losche et al., 2000; Sandberg et al., 2000) . Thus, whether the increased risk of cardiovascular disease (CVD) among diabetic patients is attributable to hyperglycemia or to periodontitis is yet to be determined. We postulate that salivary lysozyme may be an appropriate marker for the inflammation initiated by the combination of oral infection and hyperglycemia (Janket et al., 2007a) .
The strength of the current study is that this ethnically and socioeconomically homogeneous cohort prevented any confounding by these factors. Additionally, confounding by smoking, BMI, and other demographic factors is also unlikely, because these factors were distributed similarly in the two compared groups. Obesity is an important risk factor for hypertension in other cohorts (Doll et al., 2002) . However, in this homogeneously slender Nordic population, the mean BMI in the hypertensive and nonhypertensive groups was 25.2 and 25.0 kg/M 2 , respectively.
Although these data were drawn from a Finnish cohort, these results may be applicable to the US population. This is supported by the fact that the lipid profile is comparable with that of the US national data recorded in the National Health and Nutrition Examination Survey (NHANES III) (Clearfield et al., 2000) . For example, in the NHANES III, the mean total cholesterol, mean LDL-C level, and median triglyceride levels were 5.71 mmol/L, 3.89 mmol/L, and1.78 mmol/L. The Finnish counterparts of these values were 5.73 mmol/L, 3.64 mmol/L, and 1.96 mmol/L, respectively.
Several limitations of our present study should be mentioned. Although the outcome was ascertained 3 yrs after the baseline, we consider our study as a cross-sectional investigation with two selected groups, cases and control individuals. Thus, potential selection bias is possible. However, the central location of Kuopio University Hospital in the region might have alleviated potential biases, because the control individuals came from the same population base. Second, because we determined the outcome, hypertensive status, by review of medical records, it is possible that some misclassification might have occurred. However, the validity and reliability tests with 80 randomly selected persons displayed good agreement rates (0.81 and 0.93, respectively), and misclassification did not appear to be a major problem. Third, due to the design of our study, the results should not be interpreted as causal association between salivary lysozyme and hypertension.
From data derived from 500 Finnish persons, we observed All models adjusted for age in yrs, gender, smoking in 3 categories (never, past, current), diabetes, total/HDL cholesterol ratio, education as a socio-economic indicator, and CRP > 10 mg/L. * Model 1: natural log-transformed lysozyme as predictors and covariates listed above. † Model 2: Quartiles of lysozyme and covariates. ‡ Model 3: Quartiles of lysozyme and covariates plus high leukocyte count (> 6.7 x 10 9 per L). § Model 4: Analyses stratified by CAD status.
Figure 2.
Odds ratios for hypertension stratified by CAD status and salivary lysozyme levels. that a high salivary lysozyme level was significantly associated with prevalent hypertension, after adjusting for established cardiovascular risk factors, as well as leukocyte count or CRP levels. This trend was evident in the subgroup analyses stratified by CAD status. Further prospective investigations are warranted to establish whether this relationship is causal.
